We thank Rinku Tiwari, Neha Sharma and Kabita Sah for their help with recipe collection, and the respondents for sharing their recipes and participating in the study. Abstract 1 Objective: To outline the development of a smartphone-based tool to collect thrice-repeated 24-2 hour dietary recall data in rural Nepal, and to describe energy intakes, common errors, and 3 researchers' experiences using the tool. 4
Read back items in chronological order Add missed items to the paper form as needed Record time and place where each item was consumed on the paper form.
Add any remembered items as needed
PASS 5
Detail Tick off each item on the paper form once they have been completely entered into the CommCare form.
Find the first food item on the paper form in food list, and scan corresponding QR code. Value limits in the CommCare form prevent scanning of other, non-food item, QR codes. Page numbers (embedded in the food item QR code) are displayed on the phone to show which pages in the food atlas have the relevant portion images for that item.
Scan portion size QR code that is listed next to portion size image in the portion size food atlas.
Enter the number of times that portion or item was consumed during that eating occasion
Enter time and place that food item was consumed Repeat until all food items have been entered Key:
Completed on paper form
Completed on CommCare form in phone We collected weights of commonly eaten discrete food items by taking three samples of each food 145 item from three markets. Non-edible parts, such as bones, stones and skins, were removed, and the 146 edible portions were weighed using Tanita weighing scales sensitive to 0.1 g, and average weights 147 were reported to the nearest 1 g (Table 2 ). Scanner' application was also installed.
162
Examples of the portion size QR codes and food list are shown in Figure 2 . 
A. Consent and start of recall
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
E. Enter portion size amount (example: black tea)
! if food item barcode has after page numbers
Add another portion or another food item (example: rice)
In#addi'on#to#this,# There were constraints on the type of portion size QR code that could be scanned depending on the 188 food item selected, and so interviewers could not scan portion codes instead of food codes. We also 189 made questions 'required' (an option in CommCare) so interviewers could not accidentally skip 190 past a question and provided 'don't know' options in case the questions could not be answered.
191
Data collection for a household was complete if all three visits were complete, and a visit was 192 complete if all three household members were interviewed. We expected that using paper registers 193 to track this would be error-prone, so we developed an automated counting system with a short interviewer gave a friendly greeting, obtained consent, used a non-judgmental interview manner, and used non-specific probes. Supervisors also completed 'back check' forms by revisiting sampled 217 households and checking that protocols had been followed. We had monthly meetings with the 218 whole team to discuss any problems, share experiences, and review the progress against targets 219 (minimum target was two households per day). 220 We checked the data at least once per week. sources and collected recipes, as described in Harris-Fry et al. (9) . In brief, we took values for raw 230 ingredients from FCTs from Bangladesh (22) , USA (23) , UK (24) , and Nepal (25) . Rather than collect 231 individual recipes in each household, we used average nutritional content from a sample of recipes.
232
We collected 174 sample recipes for 127 dishes by weighed observation (between one and 32 233 samples per dish for rare foods and common items respectively). We collected data from rural 234 households, local vendors, and interviewers' own homes for rare items. Full detail is given in 235 Harris-Fry et al. (9) . 236 We calculated their nutrient composition using the ingredient weights and nutritional values of the 237 raw ingredients. Nutrients of all weighed ingredients in the recipe were summed, divided by the 238 total weight of the final cooked dish (measured after cooking), and we reported the mean per 100 g 239 of the mixed dish in the FCT. Food items in the FCT were coded to correspond with the codes in 240 the food list. We chose not to use retention factors because none of the published factors were from 241 local food preparation methods and because many of the nutrient requirement estimates (26) have 242 already accounted for nutrient losses in their estimates.
Next, we linked the dietary recall data (with food and portion codes) with the FCT and other 244 datasets with portion size data, as illustrated in Figure 4 . 
Merge in portion size values by portion code

Merge in nutritional values by food code
Merge in weights of discrete items by food code food items that >20% of respondents consumed at least some of, were: tea with sugar and milk, 282 mango (which was in season at the time), pointed gourd curry, fried spicy potato (bhujiya), and (for 283 the pregnant woman only) buffalo milk.
284
The median (25 th and 75 th centiles) daily kJ intakes (averaged over the three days of recall) were 285 8,979 (7,234 to 11,042) for pregnant women; 9,159 (6,937 to 11,368) for mothers-in-law; and 286 12,079 (9,293 to 14,108) for male household heads.
287
Summary of errors and corrections made
288 Table 3 summarises the frequencies of different errors (or intended corrections), also reported as a 289 percentage of the total number of person-visits or food items recorded during the course of the 290 study. More explanation of these errors is also described below. Error entering glucose syrup (respondents had one teaspoonful in a glass, but the interviewers mistakenly entered a full glass)
291
(<0.1)
Error entering portion sizes of unknown items (some selected the portion size from the atlas, but then recorded the frequency of the portion size as the respondents' estimate of the portion in grams.
Total food item corrections as a percentage of total foods recorded 681 (1.3)
A few errors arose from the counting mechanism that tracked completion of the household's visit 293 and the number of visits. In some cases, households were accidentally re-registered on the second 294 visit, so the questions associated with the first visit would display. In other cases when interviewers 295 could not interview the respondents during a visit, they did not record the reasons for non-response (required to reset the counting logic). In these few cases, we provided a paper form and manually 297 removed duplicate registrations from the dataset.
298
In the first two weeks, some food items were mistakenly entered using the portion size QR code 299 rather than the food item QR code. Most items (n=286) could be intuitively recoded based on the 300 pictures that they scanned, and for items such as bowls we referred back to their paper forms and 301 recoded the items (n=36) manually. To prevent further mistakes, we provided refresher training and 302 reprogrammed the forms with additional QR code restrictions, using string length as the restriction 303 since food item codes were always longer than the portion codes.
304
If an item was not included in the food list, interviewers could enter the 'unknown' food code and 305 type the food name. These items needed re-coding for analysis. Occasionally, interviewers selected 306 the portion size from the atlas but then also mistakenly entered the respondents' estimate of the 307 portion size in grams or ml, instead of the number of times that portion was consumed (e.g.
308
selecting the tea glass and then entering 100 to indicate 100 ml rather than 100 tea glasses). Overall, we found that data monitoring was made easier with the use of smartphones because 316 electronically entered data could be quickly converted into nutrient intake estimates; whereas, paper 317 forms would have needed manual checking and translation of food item names and portions.
318
Having access to digitized data enabled us to analyse nutrient intakes, quickly detect and correct 319 errors or outliers, make any final minor edits to the tool in the first weeks of data collection, identify 320 topics for refresher trainings, and provide more support to interviewers who were making more 321 errors or not meeting their targets. Access to the data also allowed us to refer to the data during our 322 review meetings, so we could discuss the plausibility of outliers, emphasize to interviewers the importance of their accuracy and data quality, show the level of concern and attention being given 324 to their data, and demonstrate that the data have meaning and use after their household interactions. 325 We found the form structure and tool components worked well. A key benefit of having a printed 326 food list, rather than including the list of foods within the CommCare form, was that we could make 327 edits after piloting without changing the form. The counting mechanism was helpful to track the 328 number of repeats collected and ensure that all three household members were interviewed, and it 329 also enabled us to spread other questions on food behaviours, food security and socioeconomic 330 status across the three visits.
331
In terms of time and resources, the setup time required to develop the tools was much higher than 332 paper forms, but this time was saved in data entry of paper forms. Few, highly skilled personnel 333 were required for tool development (e.g. to generate QR codes and write the logic for tracking 334 multiple visits and multiple household members) although CommCare has a very user-friendly web 335 interface so did not generally require computer programmers to write code. For paper forms, data 336 entry would have required more staff of lower-skilled levels over roughly the same length of time. 337 We faced some technical issues with the equipment. Unreliable electricity supply for charging 338 phones in villages and limited battery life of smartphones led us to provide external battery packs, 339 but phone power would still occasionally run out after a full day of data collection. Daily form 340 submission was required to monitor progress and also minimise risk of data loss, but in some areas 341 interviewers had to travel for thirty minutes to find cellular (2G) connection and submit their forms. 
